INTRODUCTION
The main indications for treatment with human growth hormone (GH) in children and adolescents in Europe are growth hormone deficiency (GHD), Turner syndrome (TS), and small for gestational age (SGA). In Germany, about 3% of the children in the population are diagnosed with short stature (1) . Children with short stature suffer from physical, social, and psychological impairments (2, 3) . It is the aim of growth hormone therapy (GHT) to enable adequate growth during childhood and adolescence and to obtain an adult height within the normal range. GHT necessitates long-term treatment in order to achieve the desired outcome (4) .
A major cause of suboptimal outcome of GHT is nonadherence (5) (6) (7) (8) . Growth velocity is significantly lower in children with poor adherence to GHT (5) . Additionally, nonadherence may lead to poorer health outcomes (e.g., body composition), and reduced quality of life (9) . It has been estimated that about a quarter of the patients who begin GHT discontinue it before completion of growth and thus many children do not attain their target adult height (9) . Moreover, it has been shown that up to 82% of patients do not adhere to their daily therapy but miss out at least some GH doses. Adherence to regular daily injections of GH has been shown to decline with the duration of therapy. After 1 year of GHT only 67% of pediatric patients and 54% of adult patients fill their prescription. Potential factors associated with poor adherence to GHT have been summarized by Fisher and Acerini (6) and more recently by Graham et al. (7) as medication issues (e.g., side effects), scheduling issues (e.g., social convenience, away from home, traveling), family issues (e.g., responsibility for application, transition phase), and a variety of cognitive/emotional issues (e.g., lack of understanding, fear of needles, inadequate family support, denial). In a large Italian study with 1,007 children and adolescents aged between 6 and 16 years the most frequently reported reasons for missing a dose were being away from home, forgetfulness, not feeling well, and pain (10) .
There is a need for effective interventions to improve adherence to GHT addressing the multiple reasons which may lead to non-adherence over time of treatment. In order to enable the clinicians to tailor such interventions, the individual patient's barriers to GHT or factors associated with non-adherence need to be known. Also, it is important to elicit the patients' own experiences (11) . So far, a treatment-specific, patient-generated, and psychometrically sound measure that systematically captures treatment barriers to GHT is not available.
We developed an instrument according to guidance from the US Food and Drug Administration (FDA) on the use of patientreported outcome (PRO) measures (12) assessing underlying barriers that may predispose the patients to low adherence. Two questionnaires were developed: A self-report for children and adolescents 8-18 years of age who administer GH themselves (self-injections) and an observer report for parents of infant and young patients aged 0-18 years who administer the GH to their child. Open-ended interviews including patients, parents and pediatric endocrinologists were the basis of concept elicitation.
The instrument was developed in German for self-administration with a paper-based collection method.
MATERIALS AND METHODS

Instrument Development
Concept Elicitation and Item Generation
Concept elicitation data was gathered from four sources: a review of the current literature regarding barriers to adherence with GHT, as well as open-ended interviews with young patients, parents and clinical experts. Data were collected iteratively so that completed interviews were used to guide and inform subsequent interviews.
The literature search was conducted using the PubMed (U.S. National Library of Medicine) and PsychInfo (American Psychological Association) databases. The following keywords were used: "GH, " "deficiency, " "treatment." These terms were crossed with "adherence, " "compliance, " "persistence, " "discontinuation, " and "satisfaction."
A convenience sample of patients and parents were recruited in four centers of pediatric endocrinology with recruitment allowing for variations in population characteristics such as age, sex, and disease ( Table 1 ).
An interview guideline was developed based on literature review. The open-ended interviews targeted participants' personal experience with potential problems encountered with GHT that might be associated with non-adherence. Following the concept of data saturation, interviews were conducted until no new relevant and important information emerged. Saturation was achieved separately for each of the groups of participants. The patient, parent and expert interviews each lasted between 20 and 60 min.
The interviews were audiotaped, transcribed verbatim, and analyzed based on grounded theory principles of qualitative data analysis using MAXQDA 12 © software. Individual interview statements were extracted, summarized, and grouped into categories. This was done by one person (JF-J) and the logic of the categories was checked by a second researcher (MZ). Finally, items reflecting the categories were generated using the language of the participants and age-related vocabulary.
Cognitive Debriefing
The first version of the BAR-GHT which contained 59 items was cognitively debriefed by patients and parents meeting the same eligibility criteria as for the concept elicitation. Cognitive debriefing is a qualitative research tool used to determine whether concepts and items are understood by patients in the same way that instrument developers intend. Also, the importance and clarity of every item were rated on a 3point Likert scale (0 = not important/difficult to understand, 1 = important/understandable, 2 = very important/easy to understand). Revisions to the measure were made according to the debriefing findings to create a validation ready version of the instrument. Items were dropped if they were reported as not relevant. The child/adolescent version contained 34 items and the parallel parent version contained 29 items. There were no comparable parent items for 3 questions on the child/adolescent version of the BAR-GHT. A recall period of 3 months was selected to cover the time between physician visits. Six additional questions were developed to assess the occurrence and frequency of missed injections and about who is administering the injections.
Scoring
A five-point Likert scale was used as a response scale ranging from 1 ("not true/never") to 5 ("always true"). The comprehension of these response scale categories was also assessed in the cognitive debriefing. Mean scores of each scale were calculated and transformed into values between 0 and 100 with lower values indicating the presence of more barriers.
Validation Phase
Participants and Procedures
Two groups of participants were included: children and adolescents aged 8-18 years treated with GHT due to idiopathic GHD, multiple pituitary hormone deficiency (MPHD/organic GHD), SGA or TS who self-inject GH and parents who administer the injection. The patient group had to be on prescribed daily GHT for at least 6 months before the screening visit.
Signed informed consent was obtained by the parents and the child/adolescent before any study-related activities. The study was approved by the respective ethics committees of the participating centers.
Exclusion criteria were (1) learning difficulty or insufficient German language skills precluding adequate understanding or cooperation, (2) previous participation in this study, and (3) treatment of the child/adolescent with any investigational drug within 30 days prior to enrolment into the study.
Eighteen centers for pediatric endocrinology participated. Potential participants were identified by the pediatric endocrinologist at a routine clinic visit. Patients and parents completed the questionnaires during the clinic visit. For testretest reliability assessment the BAR-GHT and a pre-stamped envelope were sent to all participants by mail 2 weeks later.
The instrument was developed in German for selfadministration with a paper-based collection method. The German version was translated into English language with the help of a translation office. Back-translation was performed by an independent bilingual licensed translator in order to uncover potential ambiguity or misunderstanding in the first translation. The English version was not validated.
Validation Battery Measures (Collateral Measures) Medication adherence report scale (MARS)
The MARS is a five-item self-report instrument focusing on non-adherent behavior (e.g., altering the dose of medication) on a 5-point scale (5 = "never, " 4 = "rarely, " 3 = "sometimes, " 2 = "often, " and 1 = "very often") (13) . Scores range from 5 to 25 with higher scores indicating higher adherence. The MARS was translated into German and validated in a sample of 523 patients with "chronic diseases and patients with risk factors of cardiovascular disease" (14) . The MARS has been used in children and adolescents before [e.g., (15) (16) (17) ]. For our study participants were asked to only consider GHT in their rating. Cronbach's α for the total score was 0.60 in the patient sample and 0.69 in the parent sample.
KIDSCREEN-27
The KIDSCREEN-27 (18) is a 27-item self-report measure of health-related quality of life in children and adolescents. The KIDSCREEN-27 provides five dimensional scores: Physical Well-Being, Psychological Well-Being, Autonomy & Parents, Peers & Social Support, and School Environment. The KIDSCREEN was completed by children and adolescents in the current study. Cronbach's α for the subscale scores ranged from 0.74 to 0.86.
Strengths and difficulties questionnaire (SDQ)
The SDQ is a self-report behavioral screening questionnaire for identifying behavioral or mental health problems in children and adolescents (19) . Several age-adjusted versions of the SDQ are available for both children/adolescents (SDQ S11-17) and parents (SDQ P4-17). The SDQ provides a total score, as well as 5 subscale scores: Emotional Symptoms, Conduct Problems, Hyperactivity/Inattention, Peer Relationship Problems, and Prosocial Behavior. The SDQ was completed by both patients and parents. Cronbach's α for the total score and the subscale scores ranged from 0.54 (conduct problems) to 0.75 (hyperactivity) in the patient sample and 0.63 (conduct problems) to 0.82 (hyperactivity) in the parent sample.
Additionally, the following patient related parameters were collected at baseline: age and gender of the child/adolescent; reason, duration, and dose of GH-treatment; administrators of injections; education of child/adolescent; education of parents; family status (number of siblings, marital status). Parents filled out the SF-36 Health Survey, in order to assess their own functional health and well-being. Two summary measures were computed based on population norms: the physical component summary (PCS) and the mental component summary (MCS) score (20) .
Statistical Analyses
BAR-GHT item analyses were conducted separately for child/adolescent and parent versions, including descriptive information such as mean, median, standard deviation, range, and skew. Subsequent analyses were based on available data. Given the very low rates of missing data in both the child/adolescent (0-3.8%) and parent (0-0.7%) version, we elected not to impute missing data. Spearman correlations were calculated between items to identify those items with high inter-correlations.
Exploratory factor analysis (EFA) was then conducted in the child/adolescent version using principal axis extraction and Promax oblique rotation. Items with low (<0.40) on-factor loadings or high (>0.30) cross-loadings were removed and analyses re-run in an iterative sequence. When a final factor structure was identified, sensitivity EFA was conducted using weighted least squares estimation with mean and variance adjustment (to account for ordinal variables) and Geomin oblique rotation. Parallel analysis was performed to confirm the number of factors. EFA analyses were repeated in the parent sample using only those items (where possible) that paralleled those from the final child/adolescent version. BAR-GHT scores were created for both child/adolescent and parent versions based upon a 0 (worst possible) to 100 (best possible) scoring, where at least 50% of the items within that scale had valid responses.
Cronbach's alpha coefficients were used to evaluate internal consistency of BAR-GHT scales and two-way mixed-effects intraclass correlations coefficients (ICC) were used to evaluate test-retest reliability. Reliability coefficients >0.60 were seen as sufficient. Spearman correlation coefficients were calculated between BAR-GHT scales and collateral measures to evaluate convergent/discriminant validity. Known-groups validity was evaluated by comparing adherence groups based on the MARS total score (25/24/<23) and by comparing those that report missing vs. not missing an injection in the last month. Analyses were conducted using SPSS version 25 and Mplus 8.1. Significance levels were set at 0.05 for all analyses.
RESULTS
Study Participants
The child/adolescent sample consisted of 156 participants, including 101 (64.7%) boys and 55 (35.3%) girls. Mean age of participants was 12.7 years (SD = 2.1, range = 8.0-17.5), and the mean duration of GH treatment was 5.6 years (SD = 3.0, range = 0.5-12.7). Diagnoses included 96 participants (61.5%) with idiopathic GHD, 14 (9.0%) with MPHD, 33 (21.2%) with SGA, 8 (5.1%) with TS, and 5 (3.2%) not reporting a diagnosis. A total of 134 (85.9%) children/adolescents completed the testretest assessment.
The parent sample consisted of 146 parents who administer GH to their child/adolescent. The target children of these parents included 90 (61.6%) boys and 56 (38.4%) girls with a mean age of 9.7 years (SD = 2.7, range = 4.0-16.5). The majority of parents were married (N = 104, 71.2%) or living with a partner (N = 13, 8.9%). The vast majority (>95%) of parents and their spouses/partners were working full or part time. A total of 126 (86.3%) of parents completed the test-retest assessment. Table 2 presents descriptive information on key collateral measures in the child/adolescent and parent samples. Table 3 presents factor loadings for the child/adolescent sample in normal text. Six factors were identified utilizing 19 items. All on-factor loadings were >0.40, while all cross-loadings were <0.30. Based upon item content, the following factors were identified. Factor 1, labeled as Fear, consists of four items relating to the fear and/or difficulty of self-injecting. Factor 2, labeled as Travel, consists of three items relating to the practical difficulties of injecting while traveling away from home. Factor 3, labeled as Supplies, consists of three items relating to running out of GH or injection supplies. Factor 4, labeled as Public Embarrassment, consists of four items relating to the difficulties and embarrassment of having others know that you inject growth hormone. Factor 5, labeled as Annoyance, consists of three items relating to the dislike or bother associated with injecting GH. Finally, Factor 6, labeled as Daily Routine, consists of two items relating to injections disrupting routine daily activities. A comparable six-factor structure was identified using an ordinal EFA model. Parallel analysis confirmed the six-factor structure.
Exploratory Factor Analysis
EFA loadings for the parent sample are presented in Table 3 in the italicized text in parentheses. One child/adolescent item (If I stay elsewhere overnight, it may be that I do not have the growth hormone with me) was not included on the parent form. Two additional items (It is difficult for me to find the right spot for injecting; I forgot to refill the pen) had poor factor loadings and were removed from the model. As in the child/adolescent model, six factors were identified consisting of a total 16 items. Also consistent with the child/adolescent model, all on-factor loadings were >0.40, while all cross-loadings were <0.30. Sensitivity analyses using an ordinal EFA model produced a comparable structure. Parallel analysis indicated a five-factor structure. Given the better interpretability of the six factor parent structure along with the comparable factor structure of the sixfactor child/adolescent version, we elected to retain the six-factor parent structure for subsequent analyses. Scale scores were calculated separately for each BAR-GHT scale assuming equal weighting of items using a 0-100 format, with 0 indicating the least compliant and 100 the most compliant response. Thus, lower scores indicate more perceived barriers. Scores were calculated when at least 50% of the items on the scale had a valid response. A total score was calculated using items from all scales. Descriptive information on BAR-GHT scale scores for the child/adolescent and parent versions is shown in Table 2 .
Missing Data
All items of both final versions (child/adolescents and parents) had very few missing data rates. Missing data on BAR-GHT items ranged from 0 to 3.8% in the child/adolescent sample and 0 to 0.7% in the parent sample. Most items showed a skew to the left, indicating a preposition for few barriers.
Reliability
Reliability coefficients for BAR-GHT scales in the child/adolescent sample are presented in Table 4 . Alpha coefficients were above 0.70 for all scales except Public Embarrassment (0.66) and Daily Routine (0.62). All testretest coefficients were above 0.70 except Supplies (0.27) and Daily Routine (0.65). In the test-retest sample, significant improvements were noted from baseline to follow-up on Travel (p = 0.04), Supplies (p = 0.04), Public Embarrassment (p = 0.02), Annoyance (p = 0.03), and Total (p < 0.01) based upon Wilcoxon non-parametric tests. These significant improvements may have resulted in diminished test-retest coefficients for these scales based upon true changes. With the exception of the test-retest reliability for the Supplies scale, the reliability of the BAR-GHT scales for the child/adolescent sample appears to be adequate.
Reliability coefficients for BAR-GHT scales in the parent sample are also presented in Table 4 . Alpha coefficients were above 0.70 for all scales except for Travel (0.49). All test-retest coefficients were above 0.70 except for Daily Routine (0.59). Based upon these findings, the reliability of the BAR-GHT scales for the parent sample appears to be adequate.
Convergent/Discriminant Validity
Spearman correlations between BAR-GHT scales and collateral measures for the child/adolescent and parent samples are presented in Table 5 . In the child/adolescent sample, all BAR-GHT scales correlated significantly with the MARS total score, with the highest correlations for Travel (rho = 0.65), and Total (rho = 0.51). BAR-GHT scale also correlated consistently with SDQ Emotional Difficulties and Kidscreen-27 Psychological Well-Being. In the parent sample, only the BAR-GHT Travel scale correlated significantly with the MARS Total score. However, several BAR-GHT scales, including the Total Score, correlated significantly with parent-rated SDQ Emotional Difficulties, SDQ Total score, and the SF-36 Mental Component scale score.
No significant associations were detected between the BAR-GHT scales and age, sex, and duration of GHT.
Known-Groups Validity
Kruskal-Wallis non-parametric U-tests were used to compare adherence groups (MARS total = 25; N = 60 vs. MARS total = 24; N = 50 vs. MARS total <23; N = 42) participants on BAR-GHT scale scores in the child/adolescent and parent samples. In the child/adolescent sample, BAR-GHT scale scores were significantly (all p's <0.02) different on all scales except Daily Routine, with higher BAR-GHT scores for the highest adherence group. In the parent sample, the only significant difference between adherence group was on Travel (p < 0.001), where higher BAR-GHT scores were found in the highest adherence group. Mann-Whitney non-parametric U-tests were used to compare participants that reported missing vs. not missing an injection in the last month in both the child/adolescent and parent samples. In the child/adolescent sample, significant differences were found between those missing (N = 57) and not missing (N = 95) an injection in the last month on Travel (p < 0.001), Annoyance (p < 0.001), and Total (p < 0.01), with higher BAR-GHT scale scores for those not missing a dose. In the parent sample, significant differences were found between those missing (N = 37) and not missing (N = 108) an injection in the last month on Fear (p = 0.04), Travel (p < 0.001), Supplies (p = 0.02), Annoyance (p < 0.01), and Total (p < 0.01), with higher BAR-GHT scale scores for those not missing a dose.
DISCUSSION
The present study aimed to develop and evaluate a new treatment-specific instrument to assess potential barriers for adherence to GHT. The patient-reported outcome (PRO) measure was developed according to FDA guidelines (12) . Two versions were created: one for children and adolescents aged 8-18 years who self-inject GH (self-report) and a parallel version for parents of children who are not administering the injections themselves (observer-report). The finding of the factor analysis of the child/adolescent version revealed a 6-factor solution with 19 items loading on the dimensions Fear (4 items), Travel (3 items), Supplies (3 items), Public Embarrassment (3 items), Annoyance (3 items), and Daily Routine (2 items). The 6-factor structure of the 19-item children/adolescent version was confirmed in the parent version with 16 items (Fear 3 items, Travel 2 items, Supplies 2 items, Public Embarrassment 3 items, Annoyance 3 items, and Daily Routine 2 items).
Internal consistency of the total score was good in both versions (α >0.8) and acceptable to good for most of the subscale scores in both versions except for the Travel subscale of the parent version (α = 0.49). Overall, item numbers per subscale were low, which usually decreases Cronbach's alpha.
Test-retest reliability was good for the total score in both versions (α >0.8) and acceptable to good for most subscale scores except for the Supplies subscale scores in the child/adolescent version (0.2). Interestingly, in the test-retest sample, significant improvements were noted from baseline to follow-up on Travel (p = 0.04), Supplies (p = 0.04), Public Embarrassment (p = 0.02), Annoyance (p = 0.03), and Total (p < 0.01). These significant improvements may have resulted in diminished testretest coefficients for these scales based upon true changes.
As expected, perceived barriers to GHT were associated with measures of adherence. Even though the BAR-GHT was not developed to measure adherence directly, there was a significant association with a large effect size (r = 0.51) between the MARS score and all of the BAR-GHT subscale scores and the total score for the child/adolescent version. In both, the child/adolescent and the parent version known-group validity (missing vs. not missing an injection in the last month) revealed significant differences in most of the subscales. Similar results were reported by Mohseni et al. (21) who reported that 16 probable barriers to GHT were significantly associated with another self-report adherence scale, the Morisky Medication Adherence Scale.
In the child/adolescent version we found significant correlations with psychological well-being (KIDSCREEN) and the emotional difficulties and conduct problems subscales of the SDQ indicating convergent validity. Overall, these associations were less strong in the parent version; however, the association between the SDQ total score and the BAR-GHT total score was comparable for both versions. Having higher levels of emotional difficulties seems to be associated with more perceived barriers regarding GHT. The perception of barriers to GHT and adherence to GHT are most likely multi-factorial phenomena. Especially in long-term illnesses preparing and organizing regular medicine use can be challenging and can be affected by mental problems. On the other hand chronic illness and the necessity of regular injections might also cause reduced quality of life and a decline in psychological well-being. (22) .
Interestingly, we found no age differences between the BAR-GHT scales; thus the pattern of barriers did not differ between children and adolescents as suggested by Mohseni et al. (21) .
In their systematic review Graham et al. (7) categorized potentially modifiable factors associated with treatment nonadherence amongst young patients receiving GHT according to the COM-B framework. The COM-B posits that human behavior (B) results from the interaction between psychological and physical capabilities (C), opportunities provided by the social and physical environment (O) and reflective and automatic motivation (M) (23) . The COM-B framework has also been applied to categorize the mechanisms responsible for nonadherence to medication and can be used to facilitate the development of targeted interventions (24) . Even though the BAR-GHT was not developed based on this framework, the sub-components of the COM-B are covered by subscales or individual questions within subscales. The subscales "Travel" and "Daily Routine" can be classified as automatic motivation factors as they describe lifestyle disruptions (7); however, "Travel" might also be classified as physical opportunity factor since it describes circumstances lying outside the individual which might hinder adherence. The "Annoyance" subscale is best classified as a reflective motivation factor. "Embarrassment" is a social opportunity factor as it describes fear of stigma and disclosure but might also have an effect on adherence by impacting confidence (reflective motivation). Two questions of the "Fear" subscale can be classified as physical opportunity factors (discomfort and pain associated with daily injection) and two as reflective motivation factors (low confidence regarding self-administration). The "Supplies" subscale can be classified as a psychological capability factor since it covers mainly failure to renew the prescription (7) and not logistical problems (such as cost, access, packaging) (24) which would fall into the physical opportunity sub-component. Thus, the BAR-GHT items could be classified within the COM-B framework, even though some subscales may not map directly onto a single sub-component.
LIMITATIONS
When using child reported data in longitudinal studies, the cognitive development process of the children need to be considered (25) . Opinions, feelings, and attitudes might change quickly resulting in score changes. In the current study, the child/adolescent sample showed significant improvements on five BAR-GHT scales across the 2 week test-retest interval, raising questions about test-retest reliability on some scales. Thus, in longitudinal quality of life research the use of parent-reported outcome has been recommended (26) . The cross-sectional design limits inferences of causality. We cannot differentiate whether barriers to GHT influence adherence behavior or whether nonadherence causes patients to adjust their responses regarding barriers to justify their behavior. Another limitation is the use of self-report measures which are subject to patient recall bias and might be biased due to socially desirable response behavior.
In conclusion, the scales showed satisfactory reliability and adequate validity offering the opportunity to adequately assess potential barriers for adherence with GHT from the young patients' and the parents' perspective. Patients' experience of long-term medicines use varies, and instruments which measure barriers of medication use are seen as an essential component to improve care.
The study suggests that the BAR-GHT can be used in descriptive adherence studies that identify patient needs for care and can also be used in clinical trials aiming to improve adherence. It also allows for comparison between studies. Early identification of probable barriers to the adherence to GHT can guide health care providers to design proper treatment strategies. However, the ability of the BAR-GHT to detect change needs to be investigated.
